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1 . (Thrice Amended) A computer-aided method of docking a ligand to a protein 
having a binding site, said method comprising: 

perforViing a pre-docking conformational search to generate multiple 
conformations of the ligand in solution; 

generatirita a binding site image of the protein, said binding site image comprising 
multiple hot spots)^ 

matching hi)t spots of the binding site image to atoms in at least one conformation 
of the multiple confoVmations of the ligand in soluiion to obtain at least one position of the 
ligand relative to the ftrotein in a protein-ligand complex; and 

optimizing the at least one po^Jtion of the Ugand while allowing translation, orientation and 

rotatable bonds of the ligand towary, and while holding the protein fixed. 



2. (Amended) Theymethod of claim 1, wherein said performing the pre-docking 
conformational search comprises creating a database of the multiple conformations of the ligand 
in solution and storing said three-dimensional database for subsequent use by said matching. 



3. (Amended) The method of claim 2, wherein said database of the multiple 
conformations of the ligand in solution comprises a conformational database of a combinatorial 
library. 




4. (Thrice Amended) The m'ethod of claim 1, wherein said performing the pre- 
docking conformational search comprises: \ 

randomly generating a plurality of conformations of the molecule; 

minimizing a strain of each confoVnation of the plurality of conformations; 

using the strain and a solvent accessible surface area of each conformation to 
rank the conformations; and 

clustering the conformations and retaihing a desired top number of clusters of 
conformations, said retained top number of clusters of conformations comprising said 
multiple conformations of the ligand in solution. 




,5- 



(Twice Amendeisl) The method of claim 1, wherein said matching comprises: 
C^vK^ jj^V matching atoms orUhe at least one conformation of the ligand in solution to 
/TjfK /appropriate hot spots of th^protein by positioning the at least one conformation of the 
ligand in solution as a rigid bVjy into the binding site image; 

defining a match, said r^atch detemiining a unique rigid body transformation; and 
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using Ihe ^nique rigid body transformation to place the al least one conformation 
of the molecule in Solution into Ihe binding site of Ihe protein. 



/ 

0 



7 



8. (Amended) \ The method of claim 7, wherein said determining the unique rigid 
body transformation comprises determining the unique rigid body transformation that minimizes: 

where: 

l(R, T) = rms de Action between a j^^ hot spot and a j"' atom of the at least one 
conformation of tf\e ligand in solution; 

a position viector of a j"' hot spot of the protein; 
Aj - a position v\c\or of a j"' atom of the at least one confonmation of the ligand 

in solution; 
R = a 3x3 rotaliori matrix; and 
T = a translation vector. 



7 



9. (Thrice Amended) "iV^e melnod of claim 1, wnerem multiple posmons'orttre- 
ligand are obtained, and said optimizing step comprises : 

eliminating each position )pf the ligand having a predetermined percentage of 
atoms with a sleric clash; 

ranking remaining positions\of the ligand using an atom painwise score with a 
desired atom score cutoff, said atom pairwise score comprising a hydrogen bonding 
potential score or a steric potential sdore; 

after ranking, clustering the poajiions of the ligand and selecting a top number n of 
positions; and 

optimizing each of the n positions\allowing the translation, orientation and 
rotatable bonds of the ligand to vary. 

10. (Thrice Amended) The method of Jtlaim 9, wherein said optimizing comprises 
optimizing each position of the n positions using a Broiden-Fletcher-Goldfarb-Shanno (BFGS) 
optimization algorithm with said atom pairwise score, allowing the translation, orientation and 
rotatable bonds of the ligand to vary. 



1 1 . (Thrice Amended) A computer-aided syslWi for docking a ligand to a protein 
having a binding site, said system comprising: 
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means for pferforming a pre-docking confarmational search to generate multiple 
conformations of theUigand in solution; 

means for generating a binding site image of the protein, said binding site image 
comprising multiple hot spots; 

means for matching hot spots of the binding site image to atoms in at least one 
solution conformation c?f the multiple conformations of the ligand in solution to obtain at 
least one position of the\ligand relative to the protein in a protein-ligand complex; and 
means for optimizing the at leas\ one position of the ligand while allowing translation, orientation 
and rotatable bonds of the ligandUo vary, and while holding the protein fixed. 



12, (Amended) The Lstem of claim 1 1 . wherein said means for performing Ihe 
pre-docking conformational search domprises means for creating a database of (he multiple 
^ conformations of the ligand in solutfo)^^ and for storing said three-dimensional database for 
^ subsequent use by said matching. 

^y^^ system of claim 12, ^herein said database of the multiple conformations of 

^ the ligand in solution comprises a conforn^ational database of a combinatorial library. 



14. (Thrice Amended) The system of claim 11. wherein said means for performing 
the pre-docking conformational search comprises: 

means for randomly generating a\plurality of confonnations of the ligand; 
means for minimizing a strain of e^h conformation of the plurality of 
^ conformations: \ 

means for using the strain and a solvit accessible surface area of each 

N . conformation to rank the conformations; and 

\q V' j means for clustering the conformations a'^d retaining a desired top number of 

^ clusters of conformations, said retained top numbV of clusters of conformations 

. comprising said multiple conformations of the ligandvin solution. 



^ \ ^ (Twice Vmended) The system of claim 1 1 , wherein said means for matching 

a.\omprises: \ 

^ / ^^3ns for hatching atoms of the at least one conformation of the ligand in 

A Oi^ / solution to appropridle hot spots of the protein by positioning the at least one 

conformation of the Ij^nd in solution as a rigid body into the binding site image; 

means for defining a match, said match determining a unique rigid body 
transformation; and 
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^means for using the unique rigid body transformation to place the at least one 
confornlation of the llgand in solution into the binding site of the protein. 



1 8. mirice Amended) The system of claim 1 7, wherein said detemiining the 
unique rigid body yansformation comprises determining the unique rigid body transformation that 
minimizes; 

TCR,'r) = 2|H. -1^, -T| 

where: 

l(f^^T) Arms deviation between a j'^ hot spot and aj*^ atom of the at least one 
confomnatlon of the llgand in solution; 

Hj= aViosition vector of a j'^* hot spot of the protein; 
Aj ^ a [iDsition vector of a j'^ atom of the at least one conformation of the 

ligahd in solution; 
R = a 3x3 rotation matrix; and 
T = a translation vector. 



1 9. (Thrice Amencted) The system of claim 1 1 , wherein multiple positions of the 
ligand are obtained, and said means for optimizing comprises : 

means for elimina\ing each position of the ligand having a predetermined 

percentageW atoms with a steric dash; 
means for ranking r^^maining positions of the ligand using an atom pairwise score 
with a desired atom score ciJloff. said atom painA/ise score comprising a hydrogen 
bonding potential score or a siehc potential score; 

after ranking, means foh clustering the positions of the ligand and selecting a top 
number n of positions; and 

means for optimizing eac^ of the n positions, allowing the translation, orientation 
and rotatabie bonds of the ligand to vary. 



20. (Thrice Amended) The sy^em of claim 19, wherein said means for optimizing 
comprises means for optimizing each positionVf the n positions using a Broyden-Fletcher- 
Goldfarb-Shanno (BFGS) optimization afgorithrrkwith said atom pairwise score, allowing the 
translation, orientation and rotatabie bonds of theVligand to vary. 

21 . (Thrice Amended) At least one prW|ram storage device readable by a 
machine, tangibly embodying at least one program ofVstmctions executable by the machine to 
perfomi a method of docking a ligand to a protein havin^a binding site, said method comprising: 

5 

Received Irom < 518 452 55/9 > at 9/17/02 3:39:54 PM [Eastern Daylight Time] 



SEP. -17'02(TUE) 15:39 



J 



HESLir ROTHENBERG 



TEL:518 452 5579 



Docket No, 1073.060 

performing a pre-docking conformational search to generate multiple 
conformaiions of the ligand in solution; 

generating a binding site image of the protein, said binding site image comprising 
multiple houspots; 

matching hot spots of the binding site image to atoms in at least one conformation 
of the multiplA conformations of the ligand in solution to obtain at least one position of the 
ligand relative to the protein in a protein-ligand complex; and 

optimizing the at least o\e position while allowing translation, orientation and rotatable bonds of 

the ligand to vary, and wnile holding the protein fixed. 



22. (Amended) \ The at least one program storage device of claim 21, wherein said 
performing the pre-docking cdnformational search comprises creating a database of the multiple 
conformations of the ligand in ^lution and storing said three-dimensional database for 
subsequent use by said matching 

23, (Amended) The a\ least one program storage device of claim 22. wherein said 
database of the multiple conformatioi\s of ihe ligand in solution comprises a conformational 
database of a combinatorial library. 



1/ 



24, (Thrice ATSerKfea) ThB-M-te^st-Of=\e-^^ 
wherein said performing the pre-docking corVormational search comprises: 
randomly generating a pluralilyVf conformations of the ligand; 



\^ minimizing a strain and a solvenVaccessible surface area of each conformation of 

^ the plurality of confomnattons; 

. the strain of each conformatioiQ to rank the conformations; and 

^^■^^ clustering the conformations and retai^ng a desired top number of dusters of 

^ conformations, said retained top number of clu^ers of conformations comprising said 

multiple conformations of the ligand in solution. 




The at least one program storage device of claim 21, 



27. (Twice Anr^ended) 

'herein said matching corrTterises: 

matching atorf\^ of the at least one confonnation of the ligand in solution to 
appropriate hot spots o\the protein by positioning the at least one conformation of the 
ligand in solution as a rigtti body into the binding site image; 

defining a match, s^d match determining a unique rigid body transformation; and 
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usin^ the unique rigid body transformation to place the at least one conformation 
of the ligandln solution into the binding site of the protein. 



2S. (ThriceXAmended) The at feast one program storage device of claim 27, 
wherein said determining the unique rigid body transformation comprises determining the unique 
rigid body transformation\hat minimizes: 

I(R.T) = y;|H.-RAj-T^^- 

where; 

l{R, T) = rms deviation between a j^^ hot spot and a atom of the at least one 
conformation of the ligand in solution; 

Hj = a positionVector of a j'^ hot spot of the protein; 
Aj = a position vWtor of a j'^ atom of the at least one conformation of the 

ligand in solution; 
R = a 3x3 rotation matrix; and 
T = a translation vec 



for. 



29, (Thrice Amended) TheXat least one program storage device of claim 21, 
wherein multiple positions of the ligand areVbtained. and said optimizing step comprises : 

eliminating each position of tite ligand having a predetermined percentage of 
atoms with a steric clash; 

ranking remaining positions of tha ligand using an atom pairwise score with a 
desired atom score cutoff, said atom pair^se score comprising a hydrogen bonding 
potential score or a steric potential score; 

after ranking, clustering the positions Vf the ligand and selecting a top number n of 
positions; and 

optimizing each of the n positions, allowi)ag the translation, orientation and 
rolatable bonds of the ligand to vary. 



30. (Thrice Amended) The at least one progrkm storage device of claim 29. 
wherein said optimizing comprises optimizing each position ofihe n positions using a Broyden- 
Fletcher-Goldfarb-Shanno (BFGS) optimization algorithm with s\id atom palnA/ise score, allowing 
the translation, orientation and rotatable bonds of the ligand to va)* 



REMARKS 
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